This paper reports on an investigation into the unsteady wind pressure measured on a gable roof body subjected to short-rise-time gusts in the wind tunnel compared with the results of a computational fluid dynamics (CFD) simulation using a large eddy simulation (LES) model, and the flow pattern around the body subjected to shortrise-time gusts. It was confirmed that the overshoot phenomena of wind pressure occurred on the gable roof body subjected to a short-rise-time gust by wind tunnel tests and CFD calculations. The peak value of wind pressure simulated by CFD matched well with that of the experimental result. It was found that a vortex was generated on the leeward roof face of the gable roof body under short-rise-time gusts, and the generation of this vortex caused the overshoot phenomenon of wind pressure on the leeward roof face.
Introduction
Generally, the properties of wind pressure on bodies with variously-shaped roofs have been investigated under a uniform flow or a quasi-steady turbulent flow of an intensity of turbulence of about 10%. However, several reports (Matsumoto et al., 2007; Nomura et al., 2000; Sarpkaya, 1966; and Taneda, 1972) indicate that an overshoot phenomenon bringing a much larger wind force than in a steady flow occurs for a structure subjected to a short-risetime gust. We have investigated the effects of the rise time of a step-function-like gust on the overshoot phenomenon of wind forces acting on a body as presented in the literature [Takeuchi et al. (2009) and Takeuchi and Maeda (2012) ] and the overshoot wind pressure on a flat roof body as presented in the literature [Takeuchi et al. (2011) ] using a speciallyequipped wind tunnel. It was confirmed that the overshoot phenomenon of wind force on an elliptic cylinder subjected to short-rise-time gusts simulated using a computational fluid dynamics (CFD) software was the same as in experimental results [Takeuchi et al. (2009) ]. However, the mechanism generating the overshoot phenomenon has not been well studied. In this paper, the overshoot wind pressure on a gable roof body subjected to short-rise-time gusts generated by a wind tunnel compared with the results from a CFD simulation using a large eddy simulation (LES) model, and the mechanism generating the overshoot phenomenon of wind pressure on the gable roof body was investigated from the simulated flow pattern.
Comparisons between experimental results and CFD results

General Specifications of Wind Tunnel Test
We used a wind tunnel of the Eiffel type at Kyushu University. The section area of the working space was 1.5m by 1.5m and the available length was 3m. The wind tunnel can generate a step-function-like gust to rise from a calm state within a minimum time of 0.2 seconds by controlling the rotation of flat blade-rows. The wind velocity in the working space was confirmed by a hot-wire anemometer and an ultrasonic anemometer. The rise time of a gust, t r , is defined as the time required for an approaching wind to reach a target wind, and the target wind velocity, U t , is referred as the reached wind. As an example, Figure 1 shows the time evolutions of wind velocity when it reached 4.0m/s in rise times of 0.2sec and 1.4sec. The wind velocity was scanned at a frequency of 1000Hz. The specimen was a gable roof body, as shown in Figure 2a . The specimen was fixed in such a way that its long side faced the wind direction. The specimens had many points to measure pressure on their surfaces. These points were connected to pressure sensors through tubes. Figure 2b shows the positions of the measurement points discussed in this abstract. Wind pressure on the specimen was scanned at a frequency of 500Hz. It is reported in the literature that a general measurement procedure for steady wind pressure is not available for use in a gust wind tunnel test due to the rapid change of static pressure occurring with short-rise-time gusts in a wind tunnel [Takeuchi et al., (2011)] . In this study, we eliminated the effect of a rapid change of static pressure using the following procedure proposed by Takeuchi et al. (2011) : We installed a board with a point array to measure static pressure, and measured the pressure on a measurement point of the specimen and the static pressure on a point of the board located above the measurement point at the same time. Then, we extracted the wind-induced pressure by subtracting the static pressure from the pressure on the measurement point. More details on the experimental method and results are given in the reference [Takeuchi et al. (2011) ].
General Specifications of CFD simulation and its results
The flow around the gable roof body subjected to a step-function-like gust was simulated by CFD software (CDAJ products) using an LES model, as shown in Figure 3 . An incompressible flow was assumed and the differential equations were discretized by the finite volume method. The monotone advection and reconstruction scheme (MARS) was applied to the convective term. The pressure and velocities were coupled by means of the PISO (Pressure Implicit with Splitting of Operators) method. The LES/Smagorinsky model was used for the turbulence model. The Smagorinsky coefficient, Cs, was set at 0.10. The analytic region was nested, as shown in Table 1 . The boundary conditions of the model were set up as shown in Figure 3 . We modeled the inflow wind velocity on the short-rise-time wind velocity measured in the wind tunnel test, as shown in Figure 3c . Table 2 shows the properties of the inflowing air. In order to eliminate the effect of a rapid change of static pressure in the same way as in experiments detailed in the literature [Takeuchi et al., 2011] , we output the static pressure at "Reference cells" shown in Figure 3 , and extracted the wind-induced pressure by subtracting the static pressure from the pressure at the cells on the boundary with the gable roof body. The time evolutions of pressure shown in Figure 4 were extracted pressures obtained in this way. Figure 4 shows comparisons between CFD and experimental results of the time evolutions of pressure on the 8 points located on 4 of the faces of the specimen in the case of U t = 4.0m/s and t r = 0.2sec. It was confirmed that the overshoot phenomena of wind pressure, which reached much larger values than the steady values of the wind pressure, occurred at all 8 points in both wind tunnel tests and CFD calculations. At points A1 and A2 on the windward wall face and C1 and C2 on the leeward wall face (Figures 4a, 4b, 4g and 4h) , the peak values of wind pressures simulated by CFD were slightly smaller than those for the experimental results. However, at points Y1 and Y2 on the windward roof face and X1 and X2 on the leeward roof face (Figures 4c, 4d , 4e and 4f), the peak values of wind pressures simulated by CFD matched well with those for the experimental results.
Comparisons between experimental results and CFD results
Flow pattern around gable roof body subjected to short-rise-time gust
Figures 5 and 6 show constant velocity maps and isobaric maps of the flow around the gable roof body subjected to a short-rise-time gust in the case of U t = 4.0m/s and t r = 0.2sec simulated by CFD, respectively. These figures show cross-section views of the analytical region along the line A-A' in Figure 3a , and show the patterns at t = 0.08~0.28sec. At t = 0.08sec, the pressure gradient formed in the flow direction and the flow pattern were like those in a potential flow. At t = 0.08sec, a vortex was generated on the leeward roof face. The Table 1 : Size of analytic region vortex grew to a large size at t = 0.16sec, and the negative pressure due to the vortex was considerably larger than that in other regions. Vortex shedding from the leeward roof was confirmed at t = 0.24sec. It would appear that the generation of this vortex caused the overshoot phenomenon of wind pressure on the leeward roof face.
Conclusions
(1) It was confirmed that the overshoot phenomena of wind pressure occurred at all 8 points on the gable roof body subjected to a short-rise-time gust by both wind tunnel tests and CFD calculations. The peak values of wind pressure simulated by CFD matched well with those of the experimental results, especially on the windward and leeward roof faces. (2) It was found that a vortex was generated on the leeward roof face of the specimen under a short-rise-time gust, and it would appear that the generation of this vortex caused the overshoot phenomenon of wind pressure on the leeward roof face. 
